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Abstract The storage and retrieval of dig-
ital image sequences is becoming more im-
portant with the proliferation of computers,
the internet, digital TV and digital cameras.
This paper suggests using a priot knowledge
in the design to improve the decomposition
of digital image sequences for data storage
and retrieval. In particular, the paper focus-
es on the specific image sequence structure
which differs depending on the application.
Different image sequence structures dictate
different image sequence decomposition ap-
proaches. FExamples of various image se-
quence structures are given. The structural
knowledge of the image sequence is shown
to impact the video analysis tools used for
decomposition.
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1 Introduction

Digital image sequences imply a discrete se-
quence of two-dimensional discrete images. Dig-
ital image sequences are also known by oth-
er names. Some textbooks use the term dig-
ital video [1, 2]. The National Image Map-
ping Agency (NIMA) includes digital image se-
quences under the project heading of ”motion
imagery”. In this paper, I will use the term
digital video and digital image sequence inter-
changeably. The digital image sequences are
produced for a variety of purposes including
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Figure 1: A cinematic film structure model
consists of stories or scenes, sound track, key
clips, sound bytes, shots, and key frames.

entertainment, educational, medical and mili-
tary. There is an overwhelming amount of dig-
ital video with the advent and proliferation of
digital information through computers and the
internet along with the trend toward digitizing
applications that were formerly analog includ-
ing TV, cameras, and cinema. Along with the
increase in digital video, is an increase demand
for storing and retrieving the digital video. So,
in recent years many techniques have been re-
searched to address the problem of storing and
retrieving. Video analysis plays an import-
ant role in the video storage and retrieval pro-
cess. It is used to find cuts, fades, pans, action
shots, key frames, and activity, for example.
This paper suggests a key consideration that
can improve the storing, indexing and retriev-
ing of video. The improvement is achieved us-
ing a priori knowledge about the application
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Figure 2: Surveillance video structure can be
thought of as consisting of activity segments,
key clips, shots, and key frames.

whether it is cinematic, military sensor, secu-
rity surveillance, or another video type. Each
application is shown to have its own inherent
structure that can assist the video analysis and
decomposition.

2 Structural Analysis

For the public consumer, video across the world
wide web (WWW) and video-on-demand (VOD)
is a driving force behind the use of digital im-
age sequence analysis. The public VOD re-
quirements include cinematic and TV for en-
tertainment purposes as well as VOD for con-
sumer purchasing, instructional, medical, and
other personal research applications. For TV
and cinematic film, the video can be decom-
posed as shown in Figure 1. Knowledge of the
TV and cinematic rules for editing as well as
incorporating additional information from the
sound track can assist in abstracting the video.
VOD systems that are built solely for the
public consumer will not meet all the require-
ments of specialized consumers such as medi-
cal, military, private security and governmental
consumers. There are differences in the type-
s of digital video that will be stored and re-
trieved. Customized systems can take advan-
tage of the differing need. For instance, the
shots from a movie trailer may be made up of
scene clips with abrupt changes and fades that
are constructed based on specialized movie trail-
er editing rules. However, a video surveillance
camera which is fixed and pointing at a hallway
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Figure 3: A raw air-to-ground infrared video
structure can be thought of as consisting of
target segments, erratic noise frames, key clips,
shots and key frames. The shots may be trig-
gered by an operator, navigation, weapon or
other systems.

may only be made up of clips that start and
end when some continuous motion is detected
(Figure 2). Therefore, by comparing Figure 1
and Figure 2, it is obvious that different video
structuring needs different analysis techniques
to create the key frames and shots needed for
storage and retrieval.

Again, the impact of video structure is evi-
dent by comparing Figures 1 and 2 with yet
another application model shown in Figure 3
which shows an air-to-ground infrared video
structure model. Instead of scenes, the infrared
video has target segments. In addition, it may
have noise frames. It may have shot bound-
aries that are not due to abrupt changes but
those shot boundaries may be labeled based on
a significant event rather than a large dynamic
image change. For instance, a significant event
could be triggered by instruments that indi-
cate the aircraft has arrived over a particular
geographical coordinate; or the aircraft has de-
tected a radar, detected a ground vehicle move-
ment, acquired a target, or fired a weapon.

3 Structures Impact on Video
Analysis

Structural analysis suggests that video analysis
techniques must be customized for the partic-



ular video task. For instance, a video analysis
technique that detects abrupt changes is good
for movie sequences and TV where high quali-
ty is guaranteed, and an abrupt change signals
a shot change. However, for a sensor on board
an aircraft that is slowly mapping the ground,
there should be no abrupt change, so an abrupt
change may signal erratic noise. For this air-
craft sensor, collateral information from instru-
ments instead of information from video analy-
sis, is needed to determine the significant video
shots. So, the use of a particular video anal-
ysis technique to find abrupt changes is used
differently depending on the application.

Figure 4: Key frames from the three scenes in
the table tennis image sequence.

3.1 The velocital information feature
analysis example

As an example, this section uses the veloci-
tal information feature [3] as a video analysis
technique on a TV-like sequence and an air-to-
ground infrared sequence. The velocital infor-
mation feature has been found to be useful for
detecting sudden changes. Assuming a total of
P pixels in a frame and given the velocity at
a particular pixel as VI[z,y,t,] then the ve-
locital information feature, VI gey[ts], for an
image frame can be estimated by calculating
the standard deviation as

VIstdev [tn] =

1
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r Yy
in which
1
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The TV-like sequence chosen for this exam-
ple is a portion of the standard table tennis
sequence which has three shots. Frames from
each of the shots are shown in Figure 4. Sample
images from the air-to-ground image sequence
is shown in Figure 5 which shows one clean
frame and one frame with erratic noise.

The velocital information feature is plotted
for both the table tennis and the air-to-ground
infrared image sequence. The resulting plots
are shown in Figure 6. The sudden changes
are noted by the peaks. For the table tennis
sequence, each new shot is correctly detected
showing the three distinct shots illustrated in
Figure 4. For the infrared sequence which was
only one continuous video with no shots, the
noisy frame number 14 was correctly select-
ed by the velocital information feature. This
velocital information feature example demon-
strates that the results from the same video
analysis tool detects different events (i.e. shots
or noise) on video clips that have different un-
derlying video structures.



Figure 5: Key frames from an air-to-ground

infrared image sequence. One clean frame
(above) and one frame with erratic noise (be-
low).

3.2 The impact of variations within
classes

When considering the video structure, one more
point to keep in mind is that the three video
structures shown in Figures 1, 2, and 3 are
not representative of all the videos within their
class. For instance, consider the fixed surveil-
lance camera structure model. If a hallway has
a fixed camera with a fixed light source and no
strange dynamic obscurations (such as an open
door allowing the wind to blow leaves around
all day long), then the model applies. Howev-
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Figure 6: Velocital information for the 149-
frame table tennis sequence (above) and an 18-
frame infrared image sequence (below). Sud-
den changes for the table tennis sequence are
shot boundaries but for the infrared sequence
sudden changes represent erratic noise.

er, consider a variation of the fixed surveillance
camera such as the fixed camera pointing at the
orangutan play pen at the Washington zoo. A
few sample images are shown in Figure 7. Even
without activity within the play pen, a variety
of dynamic factors change the resulting image
that is transmitted across the web including re-
flections on the glass from passers-by, changes
in sunlight and shadow, low sampling rate and
compression. Using the velocital information
feature to chart the dynamic changes on a se-
quence of play pen frames results in the plot
shown in Figure 8. The velocital information



Figure 7: Web camera fixed on the orangutan
play pen at the Washington Zoo. Other than
the presence of the orangutan, variations in im-
age scenes are due to lighting, glass reflections,
and compression.

does pick up significant changes (Figure 9) but
it also has a higher value for null periods due
to the variations within the class. These varia-
tions can cause the shot detector to miss minor
activity. Therefore, for the decomposition of
image sequences to be automated, much more
research is needed even within the different ma-
jor video classes.

4 Summary

The velocital information feature example demon-

strates that video analysis tools are impacted
by the video structure. The same video analy-
sis tool is used on a typical cinematic sequence
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Figure 8: Plot of dynamic changes in a se-
quence of frames from the the orangutan play
pen. Significant events occur at frames 18, 30,

50, and 59.

with shot boundaries and an air-to-ground air-
borne infrared sequence which contains errat-
ic noise. The result shows that, in one case,
the shot boundaries are detected and in the
other, the erratic noise is detected. Image se-
quence quality impacts the ability to detect
shot boundaries and can cause failure in auto-
mated analysis techniques. A priori knowledge
of the video structure allows proper identifica-
tion of shot boundary or erratic noise. Using
the a priori knowledge that the infrared se-
quence is noisy suggests that the velocital in-
formation feature should be used to filter out
the noisy image frames prior to sending the se-
quence to the general purpose shot boundary
detector which may also use a velocital infor-
mation as a video analysis tool.

Variations within a major video structure
class can cause variations in the video anal-
ysis tool. Therefore, for the decomposition of
image sequences to be automated, much more
research is needed within the different major
video classes.

This paper gave a key consideration for im-

proving decomposition for digital image sequences

for data storage and retrieval. The improve-
ment is achieved by focusing on the specific
digital image sequence structure. A cinemat-



ic video structure is compared to a surveillance
video structure, and an airborne infrared video
structure. The differences between the differ-
ent digital video structures dictate different im-
age sequence analysis approaches. The chal-
lenge for the storage and retrieval of digital
video is to closely consider the video structure
of the motion imagery.
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Figure 9: Images from the sequence used for Figure 8 show the detected changes. From top to
bottom the change is evident from frames 17 to 18 (orangutan resting, then gone from scene), 29
to 30 (gone, then sitting in scene), 49 to 50 (sitting, then interacting with visitor), and 58 to 59
(interacting with visitor, then visitor moves away).



